
ANALYSES OF FLOOD-FLOW FREQUENCY 

FOR SELECTED GAGING STATIONS 

IN SOUTH DAKOTA

By Rick D. Benson, Eugene B. Hoffman, and Verlyn j. Wipf

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 85-4217

Prepared in cooperation with the

SOUTH DAKOTA DEPARTMENT OF TRANSPORTATION

Huron, South Dakota 

1985



UNITED STATES DEPARTMENT OF THE INTERIOR 

DONALD PAUL HODEL, Secretary

GEOLOGICAL SURVEY 

Dallas L. Peck, Director

For additional information 
write to:

District Chief 
U.S. Geological Survey 
Rra. 317, Federal Bldg. 
200 4th St. SW 
Huron, SD 57350

Copies of this report can 
be purchased from:

Open-File Services Section 
Western Distribution Branch 
U.S. Geological Survey 
Box 25425, Federal Center 
Denver, CO 80225 
(Telephone: (303) 236-7476)



CONTENTS

Page

Glossary ............................... vi
Abstract ............................... 1
Introduction ............................. 1
Flood-frequency analysis ....................... 1
Selected references .......................... 7
Supplemental information ....................... 8

ILLUSTRATIONS

Figure 1. Map of South Dakota showing location of continuous-record 
gaging stations with 10 or more years of record 
(as of water year 1983) .................. 2

TABLES

Table 1. Magnitude and recurrence interval of instantaneous peak 
flow at selected continuous-record gaging stations in
South Dakota ........................ 4

2-112. Peak discharge and gage-height data for:
2. Station 05290000, Little Minnesota River near Peever . 9
3. Station 05291000, Whetstone River near Big Stone City . 11
4. Station 06334500, Little Missouri River at Camp Crook . 15
5. Station 06354860, Spring Creek near Herreid ...... 17
6. Station 06355500, North Fork Grand River near

White Butte ...................... 18
7. Station 06356000, South Fork Grand River at Buffalo . . 20
8. Station 06356500, South Fork Grand River near Cash . . 23
9. Station 06357500, Grand River at Shadehill ...... 26

10. Station 06357800, Grand River at Little Eagle ..... 27
11. Station 06358000, Grand River near Wakpala ...... 28
12. Station 06358500, Missouri River near Mobridge .... 30
13. Station 06359000, Moreau River at Bixby ........ 31
14. Station 06359500, Moreau River near Faith ....... 33
15. Station 06360000, Moreau River near Eagle Butte .... 36
16. Station 06360500, Moreau River near Whitehorse .... 38
17. Station 06361000, Moreau River at Promise ....... 40
18. Station 06395000, Cheyenne River at Edgeraont ..... 43
19. Station 06400000, Hat Creek near Edgeroont ....... 46
20. Station 06400500, Cheyenne River near Hot Springs ... 47
21. Station 06401500, Cheyenne River below Angostura Dam . 49
22. Station 06402000, Fall River at Hot Springs ...... 50
23. Station 06402500, Beaver Creek near Buffalo Gap .... 52
24. Station 06402600, Cheyenne River near Buffalo Gap ... 55
25. Station 06404000, Battle Creek near Keystone ..... 56
26. Station 06405000, Grace Coolidge Creek near Custer . . 58
27. Station 06406000, Battle Creek at Hermosa ....... 59
28. Station 06408500, Spring Creek near Hermosa ...... 61

111



Page

Table 29. Station 06409000, Castle Creek above Deerfield
Reservoir, near Hill City ............... 62

30. Station 06410000, Castle Creek below Deerfield Dam . . 63
31. Station 06410500, Rapid Creek above Pactola

Reservoir at Silver City ............... 64
32. Station 06411500, Rapid Creek below Pactola Dam .... 65
33. Station 06412500, Rapid Creek above Canyon Lake

near Rapid City .................... 67
34. Station 06414000, Rapid Creek at Rapid City ...... 68
35. Station 06421500, Rapid Creek near Farmingdale .... 69
36. Station 06422500, Boxelder Creek near Nemo ...... 70
37. Station 06423500, Cheyenne River near Wasta ...... 71
38. Station 06425500, Elk Creek near Elm Springs ..... 75
39. Station 06428500, Belle Pourche River at Wyoming- 

South Dakota State line ................ 77
40. Station 06430500, Redwater Creek at Wyoming-South

Dakota State line ................... 79
41. Station 06431500, Spear fish Creek at Spear fish .... 81
42. Station 06433000, Redwater River above Belle Pourche . 82
43. Station 06433500, Hay Creek at Belle Pourche ..... 84
44. Station 06435500, Belle Pourche River near

Belle Pourche ..................... 86
45. Station 06436000, Belle Pourche River near Fruitdale . 87
46. Station 06436800, Horse Creek near Vale ........ 88
47. Station 06437000, Belle Pourche River near Sturgis . . 90
48. Station 06437500, Bear Butte Creek near Sturgis .... 92
49. Station 06438000, Belle Pourche River near

Elm Springs ...................... 94
50. Station 06438500, Cheyenne River near Plainview .... 97
51. Station 06439000, Cherry Creek near Plainview ..... 99
52. Station 06439300, Cheyenne River at Cherry Creek . . . 101
53. Station 06439500, Cheyenne River near Eagle Butte . . . 103
54. Station 06440000, Missouri River at Pierre ...... 106
55. Station 06441000, Bad River near Midland ....... 107
56. Station 06441500, Bad River near Port Pierre ..... 110
57. Station 06442000, Medicine Knoll Creek near Blunt ... 114
58. Station 06442500, Medicine Creek at Kennebec ..... 116
59. Station 06442950, Crow Creek near Gann Valley ..... 119
60. Station 06443000, Missouri River at Chamberlain .... 120
61. Station 06445700, White River at Slim Butte ...... 121
62. Station 06445980, White Clay Creek near Oglala .... 122
63. Station 06446000, White River near Oglala ....... 123
64. Station 06447000, White River near Kadoka ....... 125
65. Station 06447500, Little White River near Martin . . . 129
66. Station 06448000, Lake Creek above Refuge

near Tuthill ..................... 130
67. Station 06449000, Lake Creek below Refuge

near Tuthill ..................... 131
68. Station 06449100, Little White River near Vetal .... 132
69. Station 06449250, Spring Creek near St. Francis .... 134
70. Station 06449500, Little White River near Rosebud . . . 135

IV



Page

Table 71. Station 06450500, Little White River below
	White River ...................... 138

72. Station 06452000, White River near Oacoma ....... 139
73. Station 06453000, Missouri River at Fort Rand a 11 Dam. . 143
74. Station 06464500, Keya Paha River at We we la ...... 144
75. Station 06467500, Missouri River at Yankton ...... 147
76. Station 06471000, James River at Columbia ....... 149
77. Station 06471200, Maple River at North Dakota- 

	South Dakota State line ................ 150
78. Station 06471500, Elm River at Westport ........ 152
79. Station 06472000, James River near Stratford ..... 154
80. Station 06472500, Mud Creek near Stratford ...... 155
81. Station 06473000, James River at Ashton ........ 156
82. Station 06473500, South Fork Snake Creek near Athoi . . 157
83. Station 06473700, Snake Creek near Ashton ....... 158
84. Station 06473750, Wolf Creek near Ree Heights ..... 159
85. Station 06474000, Turtle Creek near Tulare ...... 160
86. Station 06474300, Medicine Creek near Zell ...... 161
87. Station 06474500, Turtle Creek at Redfield ...... 162
88. Station 06475000, James River near Redfield ...... 164
89. Station 06475500, Dry Run near Frankfort ....... 165
90. Station 06476000, James River at Huron ........ 166
91. Station 06476500, Sand Creek near Alpena ....... 168
92. Station 06477000, James River near Forestburg ..... 170
93. Station 06477150, Rock Creek near Fulton ....... 171
94. Station 06477500, Firesteel Creek near Mount Vernon . . 172
95. Station 06478000, James River near Mi tenell ...... 174
96. Station 06478500, James River near Scotland ...... 175
97. Station 06478540, Little Vermillion River near Salem . 178
98. Station 06478690, West Fork Vermillion River

	near Parker ...................... 180
99. Station 06479000, Vermillion River near Wakonda .... 182

100. Station 06479438, Big Sioux River near Watertown . . . 184
101. Station 06479500, Big Sioux River at Watertown .... 185
102. Station 06479515, Willow Creek near Watertown ..... 186
103. Station 06479529, Stray Horse Creek near Castlewood . . 187
104. Station 06479640, Hidewood Creek near Estelline .... 188
105. Station 06479910, Sixmile Creek near Brookings .... 189
106. Station 06480000, Big Sioux River near Brookings . . . 190
107. Station 06481000, Big Sioux River near Dell Rapids . . 192
108. Station 06481500, Skunk Creek at Sioux Falls ..... 195
109. Station 06482000, Big Sioux River at Sioux Falls . . . 198
110. Station 06482020, Big Sioux River at North Cliff

	Avenue at Sioux Falls ................. 199
111. Station 06482100, Big Sioux River near Brandon .... 200
112. Station 06482610, Split Rock Creek at Cor son ..... 201



GLOSSARY

Backwater. Water backed up or retarded in its course as compared with its 
normal or natural condition of flow. In stream gaging, a rise in stage 
produced by a temporary obstruction such as ice or weeds, or by the 
flooding of the stream downstream. The difference between the observed 
stage and that indicated by the stage-discharge relation, is reported as 
backwater.

Base discharge (for peak discharge). In the Geological Survey's annual 
reports on surface-water supply, the discharge above which peak dis 
charge data are published. The base discharge at each station is 
selected so that an average of about three peaks a year will be 
presented.

Flood-frequency curve. 1. A graph showing the number of tiroes per year on 
the average, plotted as abscissa, that floods of magnitude, indicated by 
the ordinate, are equaled or exceeded. 2. A similar graph but with 
recurrence intervals of floods plotted as abscissa.

Flood peak. The highest value of the stage or discharge attained by a flood; 
thus, peak stage or peak discharge.

Gage height. The water-surface elevation referred to some arbitrary gage 
datum. Gage height is often used interchangeably with the more general 
term stage although gage height is more appropriate when used with a 
reading on a gage. When added to the gage datum, gage height gives the 
water surface elevation in feet above NGVD.

Gaging station. A particular site on a stream, canal, lake, or reservoir 
where observations of gage height or discharge are obtained.

Partial-duration flood series (partial peaks). A list of all flood peaks 
that exceed a chosen base stage or discharge, regardless of the number of 
peaks occurring in a year.

Recurrence interval (return period). The average interval of time within 
which the given flood will be equaled or exceeded once.

Regulation. The artificial manipulation of the flow of a stream.

Stage. The height of a water surface above an established datum plane; also 
gage height.

Stage-discharge curve (rating curve). A graph showing the relation between 
the gage height, usually plotted as ordinate, and the amount of water 
flowng in a channel, expressed as volume per unit of time, plotted or 
abscissa.

Stage-discharge relation. The relation expressed by the stage-discharge 
curve.

Stream gaging. The process measuring the depths, areas, velocities, and 
rates of flow in natural or artificial channels.

vi



Stream-gaging station. A gaging station where a record of discharge of a 
stream is obtained. Within the Geological Survey this term is used only 
for those gaging stations where a continuous record of discharge is 
obtained.

Water year. In Geological Survey reports dealing with surface-water supply, 
the 12-month period, October 1 through September 30. The water year is 
designated by the calendar year in which it ends and which includes 9 of 
the 12 months. Thus, the year ended September 30, 1983, is called the 
"1983 water year."
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ANALYSES OF FLOOD-FLOW FREQUENCY FOR SELECTED 

GAGING STATIONS IN SOUTH DAKOTA

by Rick D. Benson, Eugene B. Hoffman, and Verlyn J. Wipf

ABSTRACT

Analyses of flood-flow frequency were made for 111 continuous-record 
gaging stations in South Dakota with 10 or more years of record. The analyses 
were developed using the log-Pearson Type III procedure recommended by the 
U.S. Water Resources Council (Interagency Advisory Committee on Water Data, 
1981).

INTRODUCTION

The South Dakota Department of Transportation has a continuing need for 
data pertaining to flood-flow frequency for use in the design of highway 
structures. To meet this need, analyses of flood-flow frequency were made for 
each continuous-record gaging station in South Dakota with 10 or more years of 
record (as of the end of water year 1983), including stations which have been 
discontinued. The locations of the stations are shown in figure 1.

FLOOD-FREQUENCY ANALYSIS

The analyses of flood-flow frequency were made for 111 gaging stations 
using the log-Pearson Type III procedure recommended by the U.S. Water 
Resources Council (Interagency Advisory Committee on Water Data, 1981). This 
publication contains a complete and definitive description of the recommended 
procedure, which is summarized below.

The procedure characterizes flood occurrence at a single site as a 
sequence of annual peak flows. The magnitudes of the annual peak flows are 
assumed to be independent random variables following a log-Pearson Type III 
probability distribution; that is, the logarithms of the annual peak flows 
follow a Pear son Type III distribution. This distribution defines the 
probability that any single annual peak flow will exceed a specified dis 
charge. By considering only annual peak flows, the flood-frequency analysis 
becomes the estimation of the log-Pearson annual-probability curve using the 
record of annual peak flows at the site.

The recorded data are divided into two classes: systematic and historic. 
The systematic record includes all annual peak flows determined in the process 
of conducting a systematic gaging program at a site. In a systematic gaging 
program, the annual peak flow is determined for each and every year of the 
program. The systematic record is intended to constitute an unbiased and 
representative sample of the population of all possible annual peak flows at 
the site. In contrast to the systematic record, the historic record consists 
of annual peak flows that would not have been determined except for evidence 
indicating their unusual magnitude. Flood information acquired from 
historical sources almost invariably refers to floods of noteworthy, and
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hence extraordinary, size. Although historic records form a biased and 
unrepresentative sample, historic records can be used to supplement the 
systematic record.

The first step of the analyses of flood-flow frequency is to compute the 
statistics of the common logarithms of the annual peak flows in the systematic 
record. At some sites, annual peak flows of zero can occur; more generally,' 
the annual peak flows occasionally may be equal to or less than some lower 
limit of measurement called the gage base (flood base), which may be zero. To 
account for this possibility, the number of annual peaks below the gage base 
is computed in addition to the mean, standard deviation, and skewness of the 
logarithms of the annual peak flows that are higher than the gage base. These 
statistics provide an initial estimate of the frequency curve and are modified 
as necessary by succeeding steps.

The second step is to detect and make appropriate adjustments for low 
outliers, high outliers, and historic peak flows. The sequence of these tests 
and adjustments depends on the station skew computed in the first step. 
Because a large skew of either sign is likely to be caused by an outlier on the 
corresponding end of the sample, this possibility is checked first and any 
necessary adjustment is applied before checking for outliers on the other end. 
If the skew is of moderate size, the existence of both high and low outliers 
can be checked before applying any adjustments. If one or more high outliers 
are detected, they are compared with historic flood data in order to make a 
determination to either treat the outlier as part of the systematic record, or 
adjust the outlier as specified in Appendix 6 of the guidelines. If one or 
more low outliers are detected, they are deleted from the record.

If no low outliers, zero flows, or below-gage-base peak flows are 
present, the frequency curve can be tabulated. This process involves selec 
tion of the Pearson Type III standardized ordinates at the desired skew and 
probability, and computing the ordinates of the logarithmic frequency curve. 
When annual peak flows below the flood base are present, an adjustment needs 
to be applied to account for the fraction of the population below the gage 
base (including zero flows).

The foregoing calculations define a frequency curve based solely on 
flood peaks determined at the site in question. This curve is subject to 
unreliability due to random sampling fluctuations in the record. To decrease 
this unreliability, the analysis next compares the calculated station skew 
with a generalized skew coefficient, which represents the skew that might be 
expected on the basis of experience at neighboring stations. A recommended 
skew is calculated as a weighted average of the generalized skew coefficient 
and the station skew. This resulting skew coefficient is used to tabulate the 
final log-Pearson Type III frequency curve.

The magnitude of instantaneous peak flows for various recurrence inter 
vals are listed in table 1. The flood-flow frequencies were computed using 
Program J407 of the WATSTORE User's Guide (Kirby, 1981). Listings of the peak 
discharges for the stations are included in tables 2-112 in the Supplemental 
Information section at the end of this report.
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SUPPLEMENTAL INFORMATION 

Peak Discharge and Gage Height Data

Explanation 

The following qualification codes are used in conjunction with discharge:

No code - Discharge is a maximum instantaneous value
1 - Discharge is a maximum daily average
2 - Discharge is an estimate
5 - Discharge affected to unknown degree by regulation or diversion
6 - Discharge affected by regulation or diversion
7 - Discharge is a historic peak
8 - Discharge actually greater than indicated value
9 - Discharge due to snowmelt, ice-jam, or debris dam breakup 
B - Month or day of occurrence is unknown or not exact 
E - Only annual maximum peak available for this year

The following qualification codes are used in conjunction with gage height:

No code - Gage height is the maximum, unaffected value at the site during the 
year

1 - Gage height affected by backwater
2 - Gage height not the maximum for the year
3 - Gage height at different site and/or datum 
5 - Gage height is an estimate

The following abbreviations are used:

SQ MI - square miles
CFS - cubic feet per second
FT - feet
NGVD - National Geodetic Vertical Datum of 1929: A geodetic datum derived 

from a general adjustment of the first-order nets of both the United 
States and Canada, formerly called mean sea level.
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